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TRANSMISSION SYSTEM, TRANSMITTER
AND RECEIVER

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is based upon and claims the benefit of
priority from the prior Japanese Patent Application No. 2012-
092471, filed on Apr. 13, 2012, the entire contents of which
are incorporated herein by reference.

FIELD

Embodiments described herein relate generally to a trans-
mission system, a transmitter and a receiver.

BACKGROUND

A system is known where visible light on which data are
superposed is transmitted from a transmitter to a receiver. The
transmitter blinks a light source such as a light emitting diode
(LED) which emits a visible light according to the data to be
transmitted. The receiver receives the data by photographing
and demodulating the visible light emitted from the light
source by using a photo diode (PD) or an image sensor.
Particularly, in a receiver using the image sensor, since the
light source needs to be recognized on the sensor during the
reception period, it is preferable to implement the previewing
over the entire angle of viewing at the same time of the
reception in order to improve usability.

In the transmission system, by setting the frequency of the
light source of the transmitter to be high so that the blinking
of'the light source is not perceived, information can be trans-
mitted without disturbing normal illumination or general
operations of a display. On the other hand, since a low power
and low cost receiver is desired, it is preferable that the frame
rate of the receiver is low. In general, it is difficult for a
receiver having a low frame rate to perceive blinking of the
light source at a high frequency.

In order to improve an effective frame rate, a manner of
accessing only a portion of the area which can be photo-
graphed by the receiver can be considered. However, since a
peripheral portion of the light source is not accessed, there is
aproblem in that previewing over the entire angle of viewing
cannot be performed. In this case, it is difficult to find the
position of the light source or to handle a plurality of the light
sources. On the other hand, if an image sensor having a
specialized structure is used in order to perform previewing,
there is a problem of an increase in costs of implementation.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating a schematic configu-
ration of a transmission system according to a first embodi-
ment.

FIG. 2 is a flowchart illustrating an example of processing
operations of the transmission system according to the first
embodiment.

FIGS. 3A and 3B are diagrams illustrating operations of
the transmitter 100.

FIG. 4 is a schematic diagram illustrating the light receiver
21 of the receiver 200.

FIG. 5 is a schematic diagram illustrating operations of the
light receiver 21.

FIG. 6 is a diagram illustrating image data 22a which is
generated by the frame buffer 22 based on a photographing
result of the light receiver 21 of FIG. 5.
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FIG. 7 is a diagram illustrating an example of a modulation
signal in the case where fm=frx/2 as an example where the
transmission data Dt="01"".

FIG. 8 is a diagram illustrating the image data 22a obtained
by photographing the visible light emitted according to the
modulation signal of FIG. 7.

FIG. 9 is a block diagram illustrating an internal configu-
ration of a receiver 201 of a transmission system according to
the second embodiment.

FIG. 10 is a flowchart illustrating an example of processing
operations of the transmission system according to the second
embodiment.

FIG. 11 is a schematic diagram illustrating processing
operations of the light source detector 231.

FIG. 12 is a flowchart illustrating a modulation signal
generation procedure according to the third embodiment.

FIG. 13 is a diagram illustrating the modulation signal
generation procedure.

FIG. 14 is a diagram illustrating the modulation signal
generation procedure.

FIG. 15 is a diagram illustrating Manchester coding.

FIG. 16 is a diagram illustrating a Barker sequence.

FIG. 17 is a diagram illustrating reverse diffusion of a
Barker sequence.

FIG. 18 is a flowchart illustrating a modulation signal
generation procedure according to the fourth embodiment.

FIG. 19 is a diagram illustrating the modulation signal
generation procedure.

FIG. 20 is a diagram illustrating the modulation signal
generation procedure.

FIG. 21 is a diagram illustrating image data in the case
where photographing is performed at the timing A of FIG. 20.

FIG. 22 is a diagram illustrating image data in the case
where photographing is performed at the timing B of FIG. 20.

FIG. 23 is a diagram illustrating image data in the case
where photographing is performed at the timing C of FIG. 20.

FIG. 24 is a block diagram illustrating an internal configu-
ration of a receiver 202 according to the fifth embodiment.

FIG. 25 is a flowchart illustrating an example of processing
operations of the transmission system according to fifth
embodiment.

FIG. 26 is a diagram illustrating a relation between the light
source 12 photographed by the light receiver 21 and the
reception data Dr.

FIG. 27 is a block diagram illustrating an internal configu-
ration of a receiver 203 according to the sixth embodiment.

FIG. 28 is a flowchart illustrating an example of processing
operations of the adjustor 25.

FIG. 29 is a modified example of FIG. 28.

FIG. 30 is a flowchart illustrating an example of processing
operations of the adjustor 25.

FIG. 31 is a modified example of FIG. 30.

DETAILED DESCRIPTION

In general, according to one embodiment, a transmission
system includes a transmitter and a receiver. The transmitter
includes a modulator configured to modulate transmission
data at a chip rate to generate a modulation signal, and one or
a plurality of light sources configured to emit visible light
according to the modulation signal. The receiver includes a
light receiver having one or more lines of light receiving
elements to receive light in a first range including the visible
light; and a demodulator configured to demodulate image
data generated according to the light received by the light
receiver to generate reception data corresponding to the trans-
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mission data. A following equation is satisfied ff<fm where
fm is the chip rate, and {f is a frame rate of the light receiver.

Embodiments will now be explained with reference to the
accompanying drawings.

FIG. 1 is a block diagram illustrating a schematic configu-
ration of a transmission system according to a first embodi-
ment. The transmission system includes a transmitter 100 and
a receiver 200.

The transmitter 100 includes a modulator 11 and a light
source 12. The modulator 11 modulates transmission data Dt
and supplies a modulation signal to the light source 12. The
light source 12 is, for example, an LED and emits visible light
according to the modulation signal. In other words, the trans-
mission data Dt is superposed on the visible light. The light
source 12 may be a light source of an illumination apparatus
or a backlight of a liquid crystal display or the like. In addi-
tion, although one light source 12 is illustrated in the figure,
the receiver 200 may include a plurality of the light sources
12.

The receiver 200 includes a light receiver 21, a frame buffer
22, a demodulator 23, and a display 24. The light receiver 21
is an image sensor such as a CCD camera or CMOS sensor.
The light receiver 21 light-receives (photographs) a visible
light emitted by the light source 12 and light in a neighboring
range of the visible light. The frame buffer 22 generates
image data from luminance information of the light which is
light-received and photo-electrically converted by the light
receiver 21 and retains the generated image data. The
demodulator 23 demodulates the image data to generate
reception data Dr corresponding to the transmission data Dt.
The display 24 displays an image corresponding to the entire
angle of viewing of the image data. The image corresponding
to the entire angle of viewing of the image data may be an
appropriately-resized image of the image data.

FIG. 2 is a flowchart illustrating an example of processing
operations of the transmission system according to the first
embodiment. First, the modulator 11 of the transmitter 100
modulates the transmission data Dt to generate the modula-
tion signal (Step S1). Next, the light source 12 emits visible
light according to the modulation signal (Step S2). Next, the
light receiver 21 of the receiver 200 light-receives the visible
light (Step S3). Next, the frame buffer 22 generates image
data according to the light-received light beam (Step S4). In
addition, the demodulator 23 demodulates the image data to
generate the reception data Dr (Step S5). Then, if necessary,
the display 24 displays the image data. Hereinafter, process-
ing operations of each component will be described in detail.

FIGS. 3A and 3B are diagrams illustrating operations of
the transmitter 100. The figure illustrates an example where
the transmission data Dt="0101". As illustrated in FIG. 3A,
the modulator 11 sets the modulation signal to be low at time
t1, high at time t2, low attime t3, and high at time t4 according
to the transmission data Dt. A difference time between the
time t1 and t2 is a unit time of blinking control of the light
source, and herein, is defined as a chip time “Tm”. In addition,
a reciprocal number thereof is defined as a chip rate “fm”. In
addition, hereinafter, as illustrated in FIG. 3B, when the
modulation signal is high, the light source 12 is turned on; and
when the modulation signal is low, the light source 12 is
turned off.

It is preferable for the modulator 11 to generate the modu-
lation signal so that the blinking of the light source 12 is not
to be recognized by human eyes. Therefore, the chip rate fm
is set to be somewhat high, for example, 100 Hz or more.

FIG. 4 is a schematic diagram illustrating the light receiver
21 of the receiver 200. The light receiver 21 includes a plu-
rality of light receiving elements (image sensor pixels) which
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are arranged in a matrix shape. More specifically, N light
receiving elements are arranged in the vertical direction
which is a scanning direction, and M light receiving elements
are arranged in the horizontal direction perpendicular to the
scanning direction (N and M are integers of 1 or more). Then,
atime interval between the starting of scanning (light-receiv-
ing, photographing) of one line and the starting of scanning of
the next line is defined by a line scan period “Trx”, the line
being composed of the M light receiving elements arranged in
the horizontal direction; and a line scan frequency is denoted
by “frx” (=1/Trx). Herein, the minimum value of a period of
accessing the same line of the light receiver 21 is defined by
a frame period “Tf”; and a frame rate is denoted by “ft”
(=1/Tf). For example, in the receiver 200, the frame rate ff'is
almost frx/N (=1/(N*Trx)) and for example, 30 fps (frame per
second) or 60 fps.

Herein, as one of features of the embodiment, the chip rate
fm and the frame rate ff satisfy the following equation (1).

F<fm M

Hereinafter, for simplifying the description, it is assumed
that the number of light receiving elements of the light
receiver 21 is 8x8 (N=M=8) and 4x4 central light receiving
elements light-receive the visible light emitted by the light
source 12.

FIGS. 5A to 5D are schematic diagrams illustrating opera-
tions of the light receiver 21, and correspond to FIGS. 3 and
4. It is assumed that, at time t1 to t4, the third to sixth lines 31
to 34 of' the light receiver 21 perform photographing, respec-
tively. In addition, the figure illustrates an example where
(chip rate fm)=(line scan frequency frx).

As illustrated in FIG. 5(a), at the time t1, since the light
source 12 is turned off, the light source 12 is not photographed
by the third line 31 of the light receiver 21. As illustrated in
FIG. 5(b), at the time 12, since the light source 12 is turned on,
a portion of the light source 12 corresponding to the position
of the fourth line 32 of the light receiver 21 is photographed.
Similarly, at the time t3, the light source 12 is not photo-
graphed (FIG. 5(¢)); and at the time t4, a portion of the light
source 12 is photographed (FIG. 5(d)). Note that, particularly,
although not illustrated, the first and second lines are photo-
graphed before the time t1; and the seventh and eighth lines
are photographed after the time t4.

FIG. 6 is a diagram illustrating image data 22a¢ which is
generated by the frame buffer 22 based on a photographing
result of the light receiver 21 of FIG. 5. Each pixel of the
image data 22a corresponds to each light receiving element of
the light receiver 21 one-to-one. Therefore, the image data
22a are composed of N scan lines, each of the scan line
including M pixels.

As illustrated in the figure, a portion of the light source 12
appears in the fourth scan line 42 corresponding to the fourth
line 32 ofthe light receiver 21 photographed at the time t2 and
the sixth scan line 44 corresponding to the sixth line 34 of'the
light receiver 21 photographed at the time t4, and however,
light source 12 does not appear in the third scan line 41
corresponding to the third line 31 of the light receiver 21
photographed at the time t1 and the fifth scan line 43 corre-
sponding to the fifth line 33 of the light receiver 21 photo-
graphed at the time t3.

The image data 22a of FIG. 6 are displayed on the display
24. Therefore, in the embodiment, not only the light source
12, but also the entire angle of viewing photographed by the
light receiver 21 can be previewed.

In addition, FIG. 6 illustrates processing operations of the
demodulator 23. In the embodiment, it is assumed that an area
corresponding to the light source 12 in the image data 22a,
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that is, a position and size photographed by the light source 12
is known. In FIG. 6, since fm=frx, the demodulator 23
samples the luminance of each scan line in the area corre-
sponding to the light source 12. Next, the demodulator 23
combines the sampled values to generate the reception data
Dr. More specifically, the sampled values of the scan lines 41
to 44 are 0 (dark), 1 (bright), 0 (dark), and 1 (bright), respec-
tively. The combination “0101” thereof is the reception data
Dr. In this manner, the reception data Dt which are equivalent
to the transmission data Dt of FIG. 3 can be obtained by the
receiver 200.

In the above example, fm=frx. However, if the above equa-
tion (1) is satisfied, the chip rate fm may be lower than the line
scan frequency frx. With respect to a case where fm=frx/2, the
difference from FIGS. 3 to 6 will be mainly described.

FIG. 7 is a diagram illustrating an example of a modulation
signal in the case where fm=frx/2 as an example where the
transmission data Dt="01". The chip time of the transmission
data Dt is expressed by Tm=2*Trx.

FIG. 8 is a diagram illustrating the image data 22a obtained
by photographing the visible light emitted according to the
modulation signal of FIG. 7. As illustrated in the figure, a
portion of the light source 12 appears in the fifth and sixth
scan lines 43 and 44 corresponding to the fifth and sixth lines
33 and 34 of the light receiver 21 photographed at the time t3
and t4, respectively. Next, since fm=frx/2, the demodulator
23 samples the luminance of one scan line among successive
two scan lines, for example, the luminance of the scan lines 41
and 43 in the area corresponding to the light source 12. Next,
the demodulator 23 combines the sampled values and set the
combined value “01” as the reception data Dr.

More generally, in the case where fm=firx/p, that is,
Tm=p*Trx, the demodulator 23 may sample scan lines, the
number of the sampled lines being a multiple number of p
from a first scan line in the area corresponding to the light
source 12. In the case where the multiple number of p isnotan
integer, the demodulator 23 may sample scan lines, the num-
ber of the sampled lines being closest to a rounded-oft mul-
tiple number of p, for example.

In this manner, in the first embodiment, the chip rate fm of
the modulation signal is set to be larger than the frame rate ff
of'the light receiver 21. Then, the luminance of the image data
is sampled according to a ratio of the chip rate fm and the line
scan frequency frx to generate the reception data Dr. In the
receiver 200, the image at the entire angle of viewing can be
obtained (while previewing) by the light receiver 21, and the
information from the light source 12 which blinks at a fre-
quency higher than the frame rate ff of the light receiver 21
can be received. In addition, since a specialized light receiver
21 is not used, compatibility with an existing image sensor
can be secured, thereby, suppressing an increase in costs of
implementation.

Note that, when the transmitter 100 includes a plurality of
the light sources 12, the chip rates of the light sources 12 may
be different from each other. Furthermore, the tone of lumi-
nance is not only a binary value of “0” and “1” but also a
ternary value or more.

Second Embodiment

In a second embodiment described hereinafter, a position
of a light source 12 is detected from image data to generate
reception data Dr.

FIG. 9 is a block diagram illustrating an internal configu-
ration of a receiver 201 of a transmission system according to
the second embodiment. In FIG. 9, the same components as
those of FIG. 1 are denoted by the same reference numerals,
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and the difference will be mainly described hereinafter. A
demodulator 23 of the receiver 201 includes a light source
detector 231 and an integrator 232.

In the embodiment, a modulation signal generated by a
transmitter 100 includes a synchronization signal having a
predefined pattern. The light source detector 231 searches the
synchronization signal from image data to detect an area
corresponding to a light source 12. The integrator 232
samples luminance and combines sampled values in the
detected area to generate reception data Dr.

FIG. 10 is a flowchart illustrating an example of processing
operations of the transmission system according to the second
embodiment. In the embodiment, after the image data are
generated (Step S4), the light source detector 231 detects the
area corresponding to the light source 12 (Step S51). Next, the
integrator 232 demodulates the image data of the area corre-
sponding to the light source 12 to generate the reception data
Dr (Step S52). More specifically, the integrator 232 samples
luminance and combines the sampled values in the image data
of'the area corresponding to the light source 12 to generate the
reception data Dr.

FIG. 11 is a schematic diagram illustrating processing
operations of the light source detector 231. The figure illus-
trates the image data 22a where the synchronization signal
Sync="1101" (4-bits) and fm=frx. As illustrated by one-dot
dashed line, the light source detector 231 sequentially
samples luminance of the successive four scan lines to search
the synchronization signal “1101”. For example, the light
source detector 231 performs inner product of the sampled
value and the synchronization signal for searching.

Next, as denoted by reference numeral 2354 in FIG. 11,
when the synchronization signal Sync is detected, the inte-
grator 232 samples the luminance of the scan lines subse-
quent to the synchronization signal Sync and combines the
sampled values to generate a reception signal Dr.

In this manner, in the second embodiment, the light source
detector 231 is provided so as to identify the position of the
light source 12. Therefore, it is possible to generate the recep-
tion data Dr at a high accuracy.

Note that, the synchronization signal may be generated by
modulating the luminance of the visible light emitted by the
light source 12 instead of a combination of the value 0 and the
value 1.

Third Embodiment

A third embodiment described hereinafter is a specific
example of the second embodiment.

A modulation signal including the synchronization signal
Sync described in the second embodiment is generated by the
modulator 11 of the transmitter 100.

FIG. 12 is a flowchart illustrating a modulation signal
generation procedure according to the third embodiment. In
addition, FIGS. 13 and 14 are diagrams illustrating the modu-
lation signal generation procedure.

First, the modulator 11 adds a header to the transmission
data Dt (Step S11). The header is, for example, a 1-byte signal
indicating a front end of a modulation signal and a length of
adata signal Dt. In addition, the length of the data signal Dt is
a multiple of one byte and is in a range of 1 byte to 255 bytes.
Accordingly, a signal illustrated in FIG. 13(a) is generated.

Subsequently, the modulator 11 divides the header and the
signal composed of the transmission data Dt generated in
Step S11 in unit of four bits (Step S12). Accordingly, a signal
illustrated in FIG. 13(b) is generated.

Next, the modulator 11 adds a header identification bit HD
to the signal generated in Step 12 and composed of the
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divided four bits (Step S13). The header identification bit HD
is composed of one bit. If the added four bits are a header, the
header identification bit HD is set to have the value 1; and if
the added four bits are not a header but transmission data Dt
(or a portion thereof), the header identification bit HD is set to
have the value 0. Accordingly, a signal illustrated in FIG.
13(c) is generated.

Next, the modulator 11 performs Manchester coding on a
signal generated in Step S13 and composed of the header
identification bit HD and the divided four bits (Step S14).
Accordingly, a signal illustrated in FIG. 13(d) is generated.
Hereinafter, the signal is simply referred to as a data signal.

In addition, the modulator 11 adds the synchronization
signal Sync to the data signal generated in Step S14 (Step
S15). The synchronization signal is, for example, a Barker
sequence of 5 or more and is, for example, a Barker 5 of
“11101”. Accordingly, a signal illustrated in FIG. 13(e) is
generated. The signal is referred as a frame set. The frame set
is a signal which should be photographed at least one time in
one frame of the light receiver 21. In addition, the modulator
11 repeats the frame set generated in Step S15 predetermined
times (Step S16). Accordingly, a signal illustrated in FIG.
13(f) is generated. The repetition number is set so that the time
interval when the same frame set is repeated is equal to or
longer than the frame period Tf which is a reciprocal of the
frame rate ff. More specifically, if the time of the frame set in
FIG. 13(e) is denoted by Tb, the repetition number C is set to
satisfy the following equation (2).

C*Th=1/f @

The modulator 11 performs the above-described Steps S13
to S16 on all the 4-bit signals generated in Step S12. Next, the
after-repetition signals generated in Step S16 are combined,
and thus, a modulation signal illustrated in FIG. 14 is gener-
ated.

Herein, the reason why Manchester coding is performed on
the data signal and the synchronization signal is set to a
Barker sequence of 5 or more will be described.

FIG. 15 is a diagram illustrating Manchester coding. In the
Manchester coding, the value 0 is coded into “01”; and the
value 1 is coded into “10”. According to this coding manner,
since the duty ratio, that is, a ratio of the value 0 and the value
1 is 50%, it cannot be easily recognized by human eyes that
the visible light emitted by the light source 12 is modulated.
In addition, three or more successive Os never appear and
three ore more successive 1s never appear by any arrange-
ment of the Manchester codes. Therefore, “111” does not
appear in the data signal.

FIG. 16 is a diagram illustrating a Barker sequence. As
illustrated, Barker 5, Barker 7, Barker 11, and Barker 13 are
known as a Barker sequence of 5 or more. All the sequences
include at least one pattern of “111”. Therefore, in the
Manchester-coded data signal, the synchronization signal
Sync does not appear in the data signal. Accordingly, the
detection error of the synchronization signal Sync can be
prevented.

The Barker sequence is a sequence whose auto correlation
peak becomes maximum and is suitable to perform time
synchronization at a high accuracy. FIG. 17 is a diagram
illustrating reverse diffusion of a Barker sequence. As illus-
trated, the auto correlation value is large, while other corre-
lation values are small. Therefore, the light source detector
231 performs a Barker reverse diffusion process to obtain the
peak position thereof, so that the light source detector 231 can
detect the position of the light source 12. In addition, the
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integrator 232 may perform a Manchester reverse diffusion
process based on the detected position to generate the recep-
tion data Dr.

In this manner, in the third embodiment, the synchroniza-
tion signal is set to a Barker sequence of 5 or more, and the
Manchester coding is performed on the data signal. There-
fore, the synchronization signal Sync can be detected at a high
accuracy.

Note that, the Manchester coding and the Barker sequences
described above are exemplary ones. The frame set may
include a coded data signal and a synchronization signal
which does not appear therein. In addition, the frame set may
include at least the synchronization signal Sync and the trans-
mission data Dt, and the frame set may further include infor-
mation for error correction and the like.

Fourth Embodiment

In a fourth embodiment described hereinafter, a frame
determination bit is further added to the transmission data Dt.

FIG. 18 is a flowchart illustrating a modulation signal
generation procedure according to the fourth embodiment. In
addition, FIGS. 19 and 20 are diagrams illustrating the modu-
lation signal generation procedure. Hereinafter, different
points from the third embodiment (FIGS. 12 to 14) will be
mainly described.

In addition to the header identification bit HD, the modu-
lator 11 according to the embodiment adds frame determina-
tion bits S0 and S1 to the data signal (Step S13'). As illustrated
in FIG. 19(a), each of the frame determination bits S0 and S1
has one bit. The frame determination bits S0 and S1 are added
before and after the header identification bit HD, more spe-
cifically, added as the most significant bit and the least sig-
nificant bit of the data signal.

When the divided four bits are the higher 4 bits of one byte
before the division, each of the frame determination bits SO
and S1 is set to have the value 1; and when the divided four
bits are the lower 4 bits of one byte before the division, each
of the frame determination bits S0 and S1 is set to have the
value 0. As a result, the frame determination bits S0 and S1
added to particular four bits have the same value, while the
frame determination bits SO and S1 added to particular four
bits are different from those added to successive four bits.

Next, the modulator 11 performs Manchester coding on the
signal generated in Step S13' (Step S14) and adds the syn-
chronization signal Sync to the resulting signal (Step S15).
Accordingly, a frame set illustrated in FIG. 19(b) is gener-
ated.

Next, the modulator 11 repeats the frame set predetermined
times (Step S16 in FIG. 19(¢)) and combines the frame sets
(Step S17) to generate a modulation signal illustrated in FIG.
20.

It is assumed that the modulation signal illustrated in FIG.
20 is photographed by the light receiver 21 with various
phases according to a photographing timing, a distance
between the light source 12 and the light receiver 21, or the
like.

FIG. 21 is a diagram illustrating image data in the case
where photographing is performed at the timing A of FIG. 20.
In the figure, a visible light on which two synchronization
signals Sync and data D0 (a portion of transmission data Dt)
between the two synchronization signals Sync are superposed
is photographed. In this case, the integrator 232 samples
luminance of scan lines between the scan lines where the two
synchronization signals Sync are photographed, so that the
integrator 232 can decode the data DO.
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In the case where photographing is performed at timing
shown in FIG. 21, a decoding process can be relatively simply
and easily performed. However, a modulation signal may be
photographed at a different timing.

FIG. 22 is a diagram illustrating image data in the case
where photographing is performed at the timing B of FIG. 20.
In the figure, a visible light on which one synchronization
signal Sync, a portion of the data D0 before the synchroniza-
tion signal Sync, and a portion of the data D0 after the syn-
chronization signal Sync are superposed is photographed. In
other words, the data before the synchronization signal Sync
and the data after the synchronization signal Sync are a por-
tion of the same data DO. In this case, the value of the frame
determination bit SO before the synchronization signal Sync
is the same as the value of the frame determination bit S0 after
the synchronization signal Sync.

On the basis that the values of the frame determination bits
S0 and S1 are the same, the integrator 232 can recognize that
data before the synchronization signal Sync and data after the
synchronization signal Sync are a portion of the same data.
Therefore, the integrator 232 can decode the data DO by
cyclically sampling and combining the scan line correspond-
ing to the lower portion of the light source 12 from the scan
line lower than the frame determination bit S1 and the scan
line upper than the frame determination bit SO from the scan
line corresponding to the upper portion of the light source 12.

FIG. 23 is a diagram illustrating image data in the case
where photographing is performed at the timing C of FIG. 20.
In this case, in the frame F1 (FIG. 23(a)) photographed in the
time interval c1, a second half of the data D0, the synchroni-
zation signal Sync, and a first half of the data D1 appear. In the
frame F2 (FIG. 23(b)) photographed in the time interval c2, a
second half of the data D1, the synchronization signal Sync,
and a first half of the data D1 are shown. In this case, in the
frame F1 illustrated in FIG. 23(a), the value of the frame
determination bit S0 added to the data D0 is different from the
value of the frame determination bit S1 added to the data D1.
On the other hand, in the frame F2 illustrated in FIG. 23(),
since both of the determination bits S0 and S1 are added to the
data D1, the values thereof are the same.

On the basis that the values of the frame determination bits
S0 and S1 are different from each other, the integrator 232 can
recognize that data before the synchronization signal Sync
and data after the synchronization signal Sync are portions of
different data. Therefore, the integrator 232 does not perform
cyclic sampling, as illustrated in FIG. 22, on the image data of
the frame F1. The integrator 232 can decode the data D1 by
sampling and combining the scan line corresponding to the
lower portion of the light source 12 from the scan line lower
than the frame determination bit S1 in the image data of the
frame F1 and the scan line upper than the frame determination
bit SO from the scan line corresponding to the upper portion of
the light source 12 in the image data of the frame F2. Alter-
natively, the integrator 232 may not perform a decoding pro-
cess on the frame F1 but it may decode the data D1 by
cyclically sampling and combining by using the frame F2.

In this manner, in the fourth embodiment, the modulation
signal includes the frame determination bits S0 and S1 added
before and after the synchronization signal Sync, respec-
tively. Therefore, it can be determined whether the data before
the synchronization signal Sync and data thereafter included
in the light source 12 photographed are a portion of the same
data or a portion of different data. Therefore, even in the case
where the light source 12 photographed by the light receiver
21 is small, it is possible to stably generate the reception data
Dr.
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Note that, in the embodiment, although the example where
the determination bits as determination data are added before
and after the synchronization signal Sync is described, the
determination bits may be added to at least two of a position
before the divided transmission data, a position within it, and
aposition after it. In addition, instead of the determination bit
which having one bit, a bit sequence including a plurality of
bits may be added as the determination data.

Fifth Embodiment

In the second embodiment described above, the synchro-
nization signal is searched from the entire image data. On the
contrary, in a fifth embodiment described hereinafter, a can-
didate area for the position of the light source 12 is detected
from the image data, and the synchronization signal is
searched within the candidate area.

FIG. 24 is a block diagram illustrating an internal configu-
ration of a receiver 202 according to the fifth embodiment. In
FIG. 24, the same components as those of FIG. 9 are denoted
by the same reference numerals, and the difference will be
mainly described hereinafter. A demodulator 23 of the
receiver 202 further includes a candidate area detector 230.

The candidate area detector 230 detects a candidate area
corresponding to the light source 12 from the image data. For
example, the candidate area detector 230 detects edges in the
direction perpendicular to the scan line (hereinafter, for the
convenience, referred to as a vertical direction) from the
image data and sets an area where edges densely exist as a
candidate area. Alternatively, the candidate area detector 230
sets an area having high correlation in luminance in the direc-
tion of the scan line (hereinafter, for the convenience, referred
to as a horizontal direction) detected from the image data as a
candidate area. In the case where the light source 12 emits a
visible light which is sufficiently brighter than the peripheral
portion, as illustrated in FIG. 6 and the like, in the area
corresponding to the light source 12, edges in the vertical
direction occur between the light source 12 and the peripheral
portion thereof, or horizontal stripes with the same value in
the horizontal direction consecutively occur in the light
source 12.

Next, the light source detector 231 detects the area corre-
sponding to the light source 12 by retrieving the synchroni-
zation signal Sync within the candidate area.

FIG. 25 is a flowchart illustrating an example of processing
operations of the transmission system according to fifth
embodiment. In the embodiment, after the image data are
generated (Step S4), the candidate area detector 230 detects
the candidate area of the light source 12 (Step S50). Next, the
light source detector 231 detects the area corresponding to the
light source 12 within the candidate area instead of the entire
image data (Step S51').

In this manner, in the fifth embodiment, the candidate area
corresponding to the light source 12 is determined in advance,
and the synchronization signal is searched within the candi-
date area instead of the entire image data. Therefore, it is
possible to more accurately detect the position of the light
source 12 and to reduce the processing amount and calcula-
tion time of the light source detector 231.

Sixth Embodiment

In a sixth embodiment described hereinafter, a focal dis-
tance of the light receiver 21 is adjusted according to the
reception data Dr.

FIG. 26 is a diagram illustrating a relation between the light
source 12 photographed by the light receiver 21 and the



US 9,203,514 B2

11

reception data Dr, in which an example is shown where the
transmission data Dt==001001". In addition, FIG. 26 illus-
trates only the synchronization signal Sync and the transmis-
sion data Dt.

FIG. 26(b) illustrates the image data 22a in the case where
the focal distance is set properly. In other words, between the
two synchronization signals Sync, the reception data
Dr=001001" of one frame set equivalent to the transmission
data Dt is generated without excess or deficiency.

FIG. 26(a) illustrates the image data 22a in the case where
the focal distance is set to be too long. In this case, in addition
to the data “001001” between the two synchronization signals
Syne, Data “0010” are generated after the second synchroni-
zation signal Sync. The data are longer than one frame set. In
this case, since the light source 12 is photographed in a large
size, the light source 12 is photographed to be dark, so that
there is a problem in that erroneous reception data Dr may be
generated. In addition, in the case where a plurality of light
sources 12 emit visible light on which the transmission data
Dt are superposed, there is a problem in that only one light
source 12 can be photographed. Therefore, in the case of FIG.
26(a), it is preferable that the focal distance is adjusted to be
short, so that the light source 12 is photographed in a smaller
size.

FIG. 26(c) illustrates the image data 224 in the case where
the focal distance is set to be too short. In this case, only data
“001” shorter than one frame set are disposed after the syn-
chronization signal Sync, and the reception data Dr become
an erroneous value where a bit is omitted. Therefore, in the
case of FIG. 23(¢), it is preferable that the focal distance is
adjusted to be long, so that the light source 12 is photographed
in a larger size.

By taking into consideration the above configuration, the
sixth embodiment will be described.

FIG. 27 is a block diagram illustrating an internal configu-
ration of a receiver 203 according to the sixth embodiment. In
the figure, the receiver 203 further includes an adjustor 25.
First, the adjustor 25 determines whether or not the reception
data Dr is proper. Next, the adjustor 25 adjusts the focal
distance of the light receiver 21 based on a determination
result. Several manners are conceived to determine whether
or not the reception data Dr are proper. As a simple, easy
manner, parity may be added to the modulation signal, and the
adjustor 25 may perform parity check for the determination.
Alternatively, the adjustor 25 may perform the determination
based on data length of the reception data Dr. In other words,
if the datalength of the reception data Dr is in a predetermined
range including the data length of one frame set, the adjustor
25 may determine that the reception data Dr are proper. If the
data length of the reception data Dr is longer than the range,
the adjustor 25 may determine that the reception data Dr are
too long; and if the data length of the reception data Dr is
shorter than the range, the adjustor 25 may determine that the
reception data Dr are too short.

FIG. 28 is a flowchart illustrating an example of processing
operations of the adjustor 25. First, the adjustor 25 obtains the
reception data Dr generated by the demodulator 23 (Step
S21). Next, the adjustor 25 determines whether or not the
reception data Dr are proper (Step S22). If the reception data
Dr are proper (YES in Step S22), for example, if the reception
data Dr almost correspond to one frame set, the adjustor 25
determines that the focal distance is proper, and thus, the
adjustment of the focal distance is not performed.

In the case where the reception data Dr are too long (NO in
Step S22 and NO in Step S23), the adjustor 25 generates a
focal distance adjustment signal for making the focal distance
of the light receiver 21 closer (Step S24).
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On the other hand, in the case where the reception data Dr
are too short (NO in Step S22 and YES in Step S23), the
adjustor 25 generates a focal distance adjustment signal for
making the focal distance of the light receiver 21 farther (Step
S25).

Next, the adjustor 25 adjusts the focal distance of the light
receiver 21 according to the focal distance adjustment signal
(Step S26). The above-described feedback operation is
repeated, so that the focal distance of the light receiver 21 is
properly set.

FIG. 29 is a modified example of FIG. 28. After the focal
distance adjustment signal is generated, the adjustor 25 deter-
mines whether or not the focal distance adjusted according to
the focal distance adjustment signal is in an proper focal
distance adjusting range of the light receiver 21 (Step S31).
Only if the focal distance is in the proper range (YES in Step
S31), the adjustor 25 adjusts the focal distance (Step S26).

In this manner, in the sixth embodiment, the adjustor 25 is
provided so as to adjust the focal distance of the light receiver
21 according to the reception data Dr. Therefore, the light
source 12 can be photographed in an appropriate size,
thereby, generating the reception data Dr at a higher accuracy.

Seventh Embodiment

In the above-described sixth embodiment, the adjustor 25
adjusts the focal distance of the light receiver 21. On the
contrary, in the below-described seventh embodiment, the
adjustor 25 adjusts the pint of the light receiver 21. Note that,
the internal configuration of a light receiver according to the
embodiment is the same as that of FIG. 27.

FIG. 30 is a flowchart illustrating an example of processing
operations of the adjustor 25. Steps S41 to S43 of the figure
are the same as Steps S21 to S23 of FIG. 28, respectively. If
the reception data Dr are proper (YES in Step S42), for
example, if the reception data Dr almost correspond to one
frame set, the adjustor 25 does not perform pint adjustment.

In the case where the reception data Dr are too long (NO in
Step S42 and YES in Step S43), the adjustor 25 generates a
pint adjustment signal for making the pint of the light receiver
21 in focus (Step S44).

On the other hand, in the case where the reception data Dr
are too short (NO in Step S42 and NO in Step S43) the
adjustor 25 generates a pint adjustment signal for making the
pint of the light receiver 21 out of focus (Step S45).

Next, the adjustor 25 adjusts the pint of the light receiver 21
according to the pint adjustment signal (Step S46). The
above-described feedback operation is repeated, so that the
pint of the light receiver 21 is set so that the reception data Dr
are propet.

FIG. 31 is a modified example of FIG. 30. After the pint
adjustment signal is generated, the adjustor 25 determines
whether or not the pint adjusted according to the pint adjust-
ment signal is in an proper pint adjusting range of the light
receiver 21 (Step S51). Only if the focus is in the proper range
(YES in Step S51), the adjustor 25 adjusts the pint (Step S26).

In this manner, in the seventh embodiment, the adjustor 25
adjusts the pint of the light receiver 21 according to the
reception data Dr. Therefore, the light source 12 can be pho-
tographed in an appropriate size, thereby, generating the
reception data Dr at a higher accuracy.

At least a part of the transmission system explained in the
above embodiments can be formed of hardware or software.
When the transmission system is partially formed of the soft-
ware, it is possible to store a program implementing at least a
partial function of the transmission system in a recording
medium such as a flexible disc, CD-ROM, etc. and to execute
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the program by making a computer read the program. The
recording medium is not limited to a removable medium such
as a magnetic disk, optical disk, etc., and can be a fixed-type
recording medium such as a hard disk device, memory, etc.

Further, a program realizing at least a partial function of the
transmission system can be distributed through a communi-
cation line (including radio communication) such as the Inter-
net etc. Furthermore, the program which is encrypted, modu-
lated, or compressed can be distributed through a wired line or
a radio link such as the Internet etc. or through the recording
medium storing the program.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the inventions.
Indeed, the novel methods and systems described herein may
be embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the meth-
ods and systems described herein may be made without
departing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fail within the scope and spirit of
the inventions.

The invention claimed is:

1. A transmission system comprising:
a transmitter; and

areceiver,

wherein the transmitter comprises:

amodulator configured to modulate transmission data at
a chip rate to generate a modulation signal; and

one or a plurality of light sources configured to emit
visible light according to the modulation signal,

wherein the receiver comprises:

a light receiver comprising one or more lines of light
receiving elements to receive light in a first range
including the visible light; and

a demodulator configured to demodulate image data
generated according to the light received by the light
receiver to generate reception data corresponding to
the transmission data, and

wherein a following equation (1) is satisfied:

F<fm M

where fm is the chip rate, and ff is a frame rate of the light
receiver,

wherein the chip rate is a value based on a unit time of
blinking control of the light source, and

wherein the frame rate is a value based on a period of
accessing a same line of the light receiver.

2. The system of claim 1,

wherein the demodulator is configured to sample scan
lines, a number of the sampled scan lines being an inte-
ger near a multiple of p from a first scan line in an area
corresponding to the light source from the image data,
and combine sampled values to generate the reception
data, and

wherein the p is frx/fm, and frx is a line scan frequency of
the light receiver.

3. The system of claim 1, wherein the demodulator com-

prises:

a light source detector configured to detect an area corre-
sponding to the light source from the image data; and
an integrator configured to sample scan lines, a number of
the sampled scan lines being an integer near a multiple
number of p from a first scan line in the area correspond-
ing to the light source, and combine sampled values to

generate the reception data, and
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wherein the p is frx/fim, and frx is a line scan frequency of

the light receiver.

4. The system of claim 3,

wherein the modulation signal comprises a frame set com-

prising at least the transmission data and a synchroniza-
tion signal, the synchronization signal comprising a first
pattern, and

wherein the light source detector is configured to detect the

area corresponding to the light source by searching the
synchronization signal.

5. The system of claim 4, wherein the modulation signal
comprises the frame set comprising at least coded transmis-
sion data and the synchronization signal, the synchronization
signal comprising the first pattern which does not appear in
the coded transmission data.

6. The system of claim 4, wherein the modulation signal
comprises the frame set comprising at least Manchester-
coded transmission data and the synchronization signal, the
synchronization signal comprising a Barker sequence of 5 or
more.

7. The system of claim 4, wherein the modulation signal
comprises the frame set which is repeated a predetermined
number of times.

8. The system of claim 7,

wherein the modulation signal comprises the frame set

which is repeated by C times, C being the predetermined
number,

wherein a following equation (2) is satisfied:

C*Th=1/f @)

where Tb is a time of the frame set.

9. The system of claim 4, wherein the modulation signal
comprises a frame set comprising at least:

the transmission data that is divided,

the synchronization signal, and

determination data comprising identical values added to at
least two of a first position before the divided transmis-
sion data, a second position within the divided transmis-
sion data, and a third position after the divided transmis-
sion data, and

wherein the value of the determination data added to one
divided transmission data is different from the value of
the determination data added to the successive divided
transmission data.

10. The system of claim 1, wherein the demodulator com-

prises:

a candidate area detector configured to detect a candidate
area corresponding to the light source from the image
data;

a light source detector configured to detect an area corre-
sponding to the light source within the detected candi-
date area; and

an integrator configured to sample scan lines, a number of
the sampled scan lines being an integer near a multiple
number of p from a first scan line in the area correspond-
ing to the light source, and combine sampled values to
generate the reception data, and

wherein the p is frx/fim, and frx is a line scan frequency of
the light receiver.

11. The system of claim 10, wherein the candidate area
detector is configured to detect the candidate area based on a
density of edges in a direction perpendicular to a scan line or
a correlation of luminance in a direction of the scan line in the
image data.

12. The system of claim 1, wherein the receiver comprises
an adjustor configured to adjust a pint or a focal distance of
the light receiver based on the reception data.
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13. The system of claim 12, wherein the adjuster is config-
ured:
not to adjust the pint of the light receiver when data length
of'the reception data is shorter than a first data length and
longer than a second data length;
to make the pint of the light receiver in focus, when the data
length of the reception data is longer than the first data
length; and
to make the pint of the light receiver out of focus when the
data length of the reception data is shorter than the
second data length.
14. The system of claim 12, wherein the adjuster is config-
ured:
not to adjust the focal distance of the light receiver when
data length of the reception data is shorter than a first
data length and longer than a second data length;
to make the focal distance of the light receiver closer when
the data length of the reception data is longer than the
first data length; and
to make the focal distance of the light receiver farther when
the data length of the reception data is shorter than the
second data length.
15. The system of claim 13,
wherein the modulation signal comprises a frame set com-
prising at least the transmission data and a synchroniza-
tion signal, the synchronization signal comprising a first
pattern, and
wherein the first data length and the second data length are
determined based on data length of the frame set.
16. The system of claim 1,
wherein the modulator is configured to modulate the trans-
mission data at the chip rate which is high enough such
that blinking of the visible light according the modula-
tion signal is not recognized by human eyes, and
wherein the frame rate ff is substantially 30 Hz or 60 Hz.
17. The system of claim 1,
wherein the light receiver comprises N lines of light receiv-
ing elements, N being an integer of 1 or more, and
wherein the receiver comprises a display configured to
display an image corresponding to an entire angle of
viewing of image data comprising N lines of scan lines
generated according to the light received by the light
receiver.
18. A transmitter configured to transmit data to a receiver
comprising a light receiver comprising one or more lines of
light receiving elements, the transmitter comprises:
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a modulator configured to modulate transmission data at a
chip rate to generate a modulation signal; and

one or a plurality of light sources configured to emit visible
light according to the modulation signal,

wherein a following equation (3) is satisfied:

F<fm 3

where fm is the chip rate, and ff' is a frame rate of the light

receiver,

wherein the chip rate is a value based on a unit time of

blinking control of the light source, and

wherein the frame rate is a value based on a period of

accessing a same line of the light receiver.

19. A receiver configured to receive data from a transmitter
comprising a modulator configured to modulate transmission
data at a chip rate to generate a modulation signal; and one or
a plurality of light sources configured to emit visible light
according to the modulation signal, the receiver comprising:

a light receiver comprising one or more lines of light

receiving elements to receive light in a first range includ-
ing the visible light; and

a demodulator configured to demodulate image data gen-

erated according to the light received by the light
receiver to generate reception data corresponding to the
transmission data,

wherein a following equation (4) is satisfied:

F<fm Q)

where fm is the chip rate, and ff' is a frame rate of the light
receiver,

wherein the chip rate is a value based on a unit time of
blinking control of the light source, and

wherein the frame rate is a value based on a period of
accessing a same line of the light receiver.

20. The receiver of claim 19,

wherein the demodulator is configured to sample scan
lines, a number of the sampled scan lines being an inte-
ger near a multiple of p from a first scan line in an area
corresponding to the light source from the image data,
and combine sampled values to generate the reception
data, and

wherein the p is frx/fim, and frx is a line scan frequency of
the light receiver.
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